Background: Diabetes mellitus is a risk factor for impaired oral health. Oral health knowledge is lacking among patients with diabetes.
INTRODUCTION
iabetes mellitus (DM) is a growing problem worldwide. It affects 5% of the world's population and the number of cases is doubling every generation. In 2014, the World Health Organization (WHO) estimated that the prevalence of DM in Egypt was 17.2% (15.3% among males and 19% among females).
(1)
The International Diabetes Federation (IDF) has identified Egypt as the ninth leading country in the world for the number of patients with type 2 DM. The prevalence of type 2 diabetes in Egypt was almost tripled over the last 2 decades. (2) Patients with DM who do not carefully control their blood glucose levels are at high risk of systemic and oral complications. (3) The oral complications of DM are numerous and devastating including periodontal diseases (periodontitis and gingivitis); salivary dysfunction leading to a reduction in salivary flow, changes in saliva composition, taste dysfunction and xerostomia; increased susceptibility to bacterial, viral, and fungal infections; increased risk for dental caries; periapical abscesses and burning mouth syndrome. It also causes oral mucosal lesions in the form of stomatitis, geographic tongue, benign migratory glossitis, fissured tongue, traumatic ulcer, lichen planus, lichenoid reaction and angular chelitis. (4) (5) (6) (7) In addition, delayed mucosal wound healing, mucosal neurosensory disorders, dental caries and tooth loss has been reported in patients with DM. (8) A meta-analysis of four studies with a total of 3,524 adults (>18 years old) showed D Original Article that those with diabetes have a two-fold higher risk of developing periodontal disease compared to those without diabetes. (9) Nationwide surveys in the USA have demonstrated that people with diabetes, especially poorly controlled diabetes, have a significantly higher prevalence of severe periodontitis. (10) In Michigan, USA (2011), the prevalence of moderate gingivitis was 44.8% among patients with diabetes. (11) In India, several studies investigated the oral complications of diabetes and reported that 85% of diabetic patients had periodontitis (2015) , (12) while hospital based studies reported that the prevalence of dental caries among patients with diabetes ranged from 13.6% (2012) (13) to 73.33% (2016). (14) Even though there is strong evidence that supports the relationship between oral health and DM, oral health knowledge is lacking among both patients with DM and health professionals. (15) Patients with DM have more knowledge about their increased risk for systemic complications associated with diabetes than they do for oral complications. (16) Maintaining proper oral hygiene through oral self-care is also lacking among patients with DM as reported by other studies. (16, 17) The objectives of the study were to assess the oral health condition of controlled and uncontrolled patients with DM, to assess knowledge and practice of patients with DM concerning oral health and to construct, implement and evaluate the impact of an educational program for patients with DM on their oral health, their knowledge and self-reported practice regarding oral health.
METHODS
The study was conducted during 2016 in the outpatient diabetes clinics in two hospitals in Alexandria: Alexandria Main University Hospital and one of the Ministry of Health and Population (MOHP) Hospitals; El-Ramad Hospital. This hospital was selected randomly from a list of the six hospitals belonging to the MOHP with diabetes and dental clinics. The target population were adults with DM, aged 35 years and above with clinically diagnosed type 1 or type 2 diabetes for at least one year earlier.
Patients with gestational diabetes were excluded.
In phase I, a cross sectional study design was used, while an intervention design (one group pretest post-test design) was used in phase II. The sample size was calculated using Epi-Info software version 7. Based on a percent of periodontal disease of 92% (18) among patients with DM, and confidence limit of 4%, the minimum required sample size at 95% confidence level was calculated to be 177. The sample was rounded to 200 patients (100 patients from each hospital). Patients attending diabetic clinics in the two hospitals were consecutively recruited until completion of the required sample size. A sub-sample was included for the intervention and was calculated based on an assumption of 0.05 α-error, 80% power, a prevalence of knowledgeable patients of 50% and an effect size of 0.33. (19) The minimum required sample size was calculated to be 100 patients with DM using G-power software. The subsample was selected at random from the initial sample of patients attending El-Ramed Hospital. This hospital was selected because it has a lecture room and the patients come regularly for follow up and treatment .
The authors collected data using an interviewing questionnaire, clinical oral examination, and laboratory investigation. The pre-designed structured interviewing questionnaire was used to collect data from patients with DM on the diabetes clinic day in each hospital. It consisted of three sections. Section I included socio-demographic characteristics, and family and medical history of DM. Section II consisted of 26 questions about knowledge of patients regarding teeth and their cleaning methods, dental caries, plaque, calculus, gingival bleeding, effect of sweets, the relation between diabetes and oral diseases and role of dentistry in diabetic oral health. Single and multiple response questions were used and the authors constructed a special scoring system to assess knowledge. The total knowledge score was calculated by summing the scores of all questions yielding a total knowledge score ranging from 0 to 27 and was classified as good (≥ 75% or 20.3 -27 points), fair (50%-< 75% or 13.5 -< 20.3 points) and poor (<50% or 0-<13.5 points) levels of knowledge. Section III consisted of 15 questions about self-reported practice of patients with DM regarding oral health including teeth and their cleaning, eating sweets, managing dry mouth, dealing with removable dentures and frequency of dental visits. A special scoring system was constructed by the authors to assess the patients' self-reported practice. Summation of overall practice answers score was done yielding a total score ranging from 0 to 15. The total sum was classified as good (≥75% or 11.3-15 points), fair practice (50%-< 75% or 7.5 -< 11.3 points) and poor practice (< 50% or 0 -< 7.5 points).
The authors carried out an examination of the oral cavity and the following were assessed: the gingival and periodontal condition using periodontal disease index (PDI) with its three components; gingival and periodontal component, plaque component and calculus component (20) , the condition of teeth using Decayed Missing Filled teeth (DMFT) index, (21) the condition of xerostomia using Fox's xerostomia index, (22) , and the presence or absence of any oral mucosal lesion and gingival abscesses.
Patients were referred to the laboratory department in each selected hospital and a blood sample was taken to assess the level of glycosylated haemoglobin concentration (A1C). Guided by the American Diabetes Association (2014), diabetes control was considered to be satisfactory if the A1C was ≤ 7.5%, and unsatisfactory if it was > 7.5%. (23) Based on the pre-identified educational needs of patients about oral health knowledge and practices after analysis of the findings from phase I, the authors developed an educational oral health intervention program to improve the oral health condition among patients with DM. Patients were divided into four groups (about 25 patients in each group). For each group, the content of the oral health program was covered in four sessions. Each session lasted from 40-60 minutes (including lectures, group discussions, role play and demonstrations using dental models). At the end of the program, a booklet on the importance of oral health, which was developed by the authors, was given to all patients.
The authors assessed the impact of the intervention on the patients' knowledge, self-reported practice and oral health condition three months after its termination using the same data collection tools; namely the interviewing questionnaire and clinical oral examination .
Statistical analysis:
The collected data were revised, coded and fed to statistical software IBM SPSS version 20. Graphs were constructed using Microsoft excel software. All statistical analyses were done using two tailed tests and p value less than 0.05 was considered to be statistically significant. Mean with standard deviation and percent were used to describe the scale and categorical data, respectively. Pearson's chi square test (X 2 ), Pearson Correlation, paired t test, McNemar test, Marginal homogeneity test and Cochrane Q test were used. Linear regression was used to predict the dependent variable (knowledge and self-reported practice of patients with DM) on the basis of continuous and/or categorical independents (socio-demographic data and sample characteristics) and to determine the effect size of the independent variables on the dependent; to rank the relative importance of independent variable for predicting the outcome variable and to understand the impact of covariate control variables.
Ethical considerations:
The study protocol was reviewed and approved by the Ethics Committee of the High Institute of Public Health, Alexandria University. The International Guidelines for Research Ethics were followed. Informed verbal consent was obtained from all patients after explanation of the objectives and benefits of the research and confidentiality was ensured.
RESULTS
The patients' age ranged from 35 to 65 years with a mean age of 50 ± 9 years and a median of 50 years, 89.0 % were females, 74.5% were married, 57.5% were illiterate or read and write, 30.5% completed primary and preparatory education, while only 3.5% had university education or above. Most patients (83.5%) were housewives and only 1.5% were professionals, 77% were living in urban areas and 61% reported having insufficient income. The mean crowding index was 2.44± 0.76 with a range from 1 to 6 persons/room. About 82% reported having family history of DM. One third (33%) of patients had diabetes for 1-< 5 years, 27.5% had diabetes for 10-< 15 years, while 22.5% had diabetes for 15 years and above.
Most (85%) patients had type 2 DM, while 15% had type 1 DM. Nearly 52% received insulin therapy and about 68% reported that they monitored their blood glucose every month, while equal proportions (15% each) reported that they monitored their glucose every 3 months or irregularly. Based on the A1C concentration, 175 out of the 200 patients with diabetes (87.5%) had unsatisfactory blood glucose control and 25 patients (12.5%) had satisfactory blood glucose control (Figure 1 ). All patients with satisfactory diabetic control had at least one natural tooth, while 7.4% of patients with poor diabetic control were edentulous (table 1) . Unexpectedly, the proportion of patients with gingivitis decreased with the decrease in the level of diabetic control, while the proportion of patients with periodontitis increased with the decrease in the diabetic control level. This difference was statistically significant (X 2 = 17.2, p=0.00). The proportion of severe gingivitis increased with the decrease in the diabetic control (55.8% among unsatisfactory control and 35.3% among satisfactory control). Patients with unsatisfactory diabetic control had higher percent of severe periodontitis (19%) compared to 12.5% of patients with satisfactory diabetic control level.
The table also shows that almost all (97.9%) patients with DM had dental plaque regardless their diabetic control level, but patients with unsatisfactory control had higher percent of severe dental plaques (71.5%) compared to those with satisfactory control (56%). The association between the plaque index and diabetic control was statistically significant (X 2 = 11.99, p=0.002). Patients with satisfactory diabetic control had higher percent of mild form of calculus (38.1%), while almost equal proportions of patients with satisfactory and unsatisfactory control had severe calculus with a statistically significant association X 2 = 6.72, p=0.03). One fifth (20%) of patients with satisfactory diabetic control had more than five decayed teeth, compared to 23.5% of patients with unsatisfactory diabetic control. About 25% of patients with poor control had from one to five filled teeth, compared to 24% of patients with satisfactory control. Higher percent of patients with >12-< 32 missed teeth (19.1%) was noticed among patients with unsatisfactory control compared to 16% among those with satisfactory control. Satisfactory (≤7.5%) Unsatisfactory (>7.5%) The correlation between knowledge score and all the oral health indices was negative, weak and significant, while the correlation between their selfreported practice and their oral health indices was positive, weak and significant, except for the periodontitis score which was negative, weak and not significant. The correlation between the level of oral health knowledge and the level of diabetic control was negative, weak and not significant, while a positive, weak and non-significant correlation was detected between level of self-reported practice and the level of diabetic control. Linear regression analysis showed that higher levels of education and living in urban areas were the factors associated with better oral health knowledge, while being previously married was associated with poor oral health knowledge (table 3) . About 24% of the variability which occurred in the patients' level of knowledge were attributed to these three factors (r2=0.239). On the other hand, one significant variable (monthly income) and two considerable variables (female sex and A1C level) affected the patients' oral health self-reported practice levels. Patients with insufficient monthly income had poor oral health self-reported practice, female patients with DM were more common to have fair self-reported practice than male patients and the level of oral health self-reported practice is becoming poor with the increase in the blood A1C level. About 33% of the change in the self-reported practice could be attributed to these variables (r2=0.334).
About 160 diabetic patients were called by phone and 115 patients came for the educational sessions (response rate= 71.9%). At the end of the study, 87 patients with DM completed the four educational sessions and completed the educational program questionnaire and oral clinical examination with a dropout rate of 24.3%.
The mean knowledge score increased from 16.7±3.1 points before the intervention to 24.5±3.4 points after the intervention (table 4) . There was a significant improvement of patients' knowledge score regarding all aspects of oral health after the intervention. The total good knowledge has improved from 0% before the intervention to 69% after the intervention, while the total poor knowledge score was reduced from 27.6% to 3.4% with a percent decrease of 24.1%. This change was statistically significant. Table 5 shows that the mean self-reported practice score increased from 3±1.6 before the intervention to 3.4±2.1 after the intervention. The level of self-reported practice regarding all aspects of oral health have significantly increased after the intervention. The total poor selfreported practice was reduced from 75.9% before the intervention to 57.5% after the intervention with a percent decrease of 18.4% with a statistically significant difference.
The percent of patients who had gingivitis, plaque and calculus before the intervention (95.7%, 85.4% and 90.2%, respectively) was reduced to 86.9%, 24.4% and 36.6%, respectively three months after the intervention (table 6) . On the other hand, 4.3%, 14.6% and 9.8% of patients were free of gingivitis plaque and calculus before the intervention compared to 13.1%, 75.6% and 63.4% after intervention, respectively. These differences were statistically significant. The gingivitis score was 1.89±0.70 before and 1.31±0.91 after the intervention with a statistically significant difference, while the difference in the mean periodontitis score before and after the educational intervention was not statistically significant. The table also shows that the differences between the missed, decayed and filled teeth before and after the intervention was not statistically significant. (25) In the present study, female patients overcome males with a female to male ratio of 8.5:1, possibly because females have more time than males to come for follow up regarding their DM condition. Besides, they tend to attend the MOHP Hospitals due to its lower cost compared to Private Health Sectors. The majority of patients were with lower educational levels because most patients were housewives.
Type 2 diabetes accounts for the vast majority of people with diabetes around the world. (25) The results of the present study was in agreement with this fact (85% had type 2 DM). The current study demonstrated that most patients had unsatisfactory blood glucose control. Similar percentage was reported from a study in Brazil, (26) but was in contrast with the results of the study conducted in India in 2012. 23 The majority of the patients in the present study were with low level of education and they had poor knowledge on the importance of controlling blood glucose level, which may explain the high percentage of poor glycemic control.
The present study established that patients with DM had more advanced periodontal diseases and that higher percentage of patients with unsatisfactory controlled blood glucose level had severe periodontitis compared to patients with satisfactory controlled level. This confirmed the strong and old interrelationship between DM and the occurrence of periodontitis which is the most common oral complication of DM disease worldwide. (27) It also indicated that patients with diabetes in the current study did not ask for early treatment of their periodontal conditions. High percentages of decayed teeth and filled teeth among both patients with satisfactory and unsatisfactory controlled blood glucose levels were noticed in the current study compared to the figures reported in other studies. (28, 29) Different DMF index figures between the different studies may be attributed to different types of consumed food that predispose to dental diseases in different countries. There is, however, a problem in comparing diabetic control level between studies in other countries as different methods of A1C analysis have been used, which might explain such wide discrepancy between countries. Another factor could be the personnel differences in dealing with decayed teeth in different communities.
The present study showed that more than quarter of patients had poor knowledge regarding oral health and three quarters had poor oral health self-reported practice. This may indicate lack of oral health counseling on the part of physicians and dentists and the lower educational levels of participants. The results were consistent with studies conducted in Saudi Arabia and Pakistan (30, 31) while better findings were reported from Iran, 2013. (15) The lower levels of self-reported practice could be explained by several factors. The poor self-reported practice about teeth and their cleaning methods could be due to financial difficulties or lack of knowledge of the availability of these various aids. Poor practice concerning dental visits might be because of their lack of knowledge regarding importance of visiting the dentist regularly, phobia from the dental visits, long waiting time in the dental clinics and the cost of dental visits.
The linear regression analysis showed that level of education, was among the factors affecting patients' knowledge which was reported in another study. (15) Another factor was being from an urban area. An explanation could be the different sources of information about oral health between urban and rural populations. High monthly income was a significant predictor for patients' self-reported practice, which could be due to better affordability of the dental cleaning aids. Female gender was one of the considerable variables affecting patients' self-reported practice, which disagreed with the finding reported from Iran. (15) The present study showed an improvement in the oral health knowledge following the oral health program, which was in accordance with several studies, (32, 33) Improvement in the oral health self-reported practice regarding teeth and their cleaning methods and regarding dental visits was observed in the present study. This was supported by another Iranian study. (34) It was noticed that the self-reported practice has improved after the intervention despite the total knowledge score not being a significant predictor of the self-reported practice. A possible explanation was depending on the patients' own report for assessment of their oral health practice rather than direct observation .
The current study also suggested that the mean periodontitis score and the mean plaque index improved after the oral program intervention, which was supported by the findings of other studies. (33, 34) Limitations of the study The study did not include patients with DM in other health settings such as health insurance hospitals and private hospitals. Self-reporting of practice has its limitation in terms of over-reporting, while daily self-monitoring would be a better method in assessing practice.
In conclusion, patients with DM had unsatisfactory blood glucose control level, fair/poor oral health knowledge and poor self-reported practice. Patients with satisfactory controlled diabetes had a relatively better oral health condition than patients with unsatisfactory controlled diabetes. High level of education and urban residence were associated with better oral health knowledge, while being previously married was associated with poor oral health knowledge. The monthly income, the female gender and the A1C concentration were among the considered variables affecting self-reported oral health practice. The educational intervention program was effective in improving the oral health knowledge, selfreported practice, the mean gingivitis score, dental plaque and dental calculus indices of patients with DM .
Oral health should be promoted in people with diabetes as an integral component of their overall diabetes management. Close collaboration between medical and dental clinical teams is necessary for the joint management of people with diabetes and periodontitis, and contact with dentists is important after the diagnosis of diabetes. Training and advising healthcare professionals particularly dentists concerning importance of good oral health in patients with DM. Dental professionals are required to raise the awareness among patients of their increased risk for oral diseases and the impact of oral health on their general health.
